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ST-segment elevation during exercise testing has been 
attributed to myocardial ischemia and wall motion 
abnormalities (WMA). However, the functional signifi- 
cance of ST-segment elevation during dobutamine stress 
testing (DST) has not been evaluated in patients referred 
for diagnostic evaluation of myocardial ischemia. DST 
(up to 40 pg/kg/min) with simultaneous echocardiog- 
mphy and technetium99m sestamibi single-photon emis- 
sion computed tomography (SPECT) was performed in 
229 consecutive patients with suspected myocardial is- 
chemia who were unable to perform an adequate exer- 
cise test; 127 (55%) had a previous acute myocardial 
infarction (AMI). ST elevation was defined as >l mm 
new or additional J point elevations with a horizontal 
or upsloping ST segment lasting 80 ms. Reversible per- 
fusion defects on SPECT and new or worsening WMA 
during stress on echocardiography were considered 
diagnostic of ischemia. ST elevation occurred in 40 
patients (17%) during the test; 34 of them (85%) had 
f: 
revious AM. All patients with ST-segment elevation 
ad abnormal scintigrams (fixed or reversible defects, 
or both) and abnormal wall motion (fixed or transient 
defects, or both) at peak stress. In patients who had ST 
elevation and no previous AMI (n = 6), ischemia was 
detected in all by echocardiography and in 5 (83%) by 
SPECT. In patients with 
of ischemia was not di P 
revious AMI, the prevalence 
erent with or without ST ele- 
vation (53% vs 43% by echocardiography and 53% vs 
48% by SPECT, respectively). Baseline regional wall 
motion score in the infarct zone was higher in patients 
with ST elevation. In conclusion, myocardial 
defects and WMA at peak stress are a ha lmark in r 
ffusiion 
patients with ST-segment elevation during DST. How- 
ever, ST-segment elevation is aspecific marker of ischie- 
mia only in patients without previous AMI. 
(Am J Cardiol 1995;76:441-448) 
E xercise-induced ST-segment elevation in the elec- trocardiogram has been attributed to left ventricular 
dysfunction, myocardial aneurysm, or transmural myo- 
cardial ischemia due to severe coronary artery stenosis 
or coronary spasm. 1-11 Despite the known role of wall 
motion abnormalities (WMA) in patients with ST ele- 
vation during exercise,4,6 previous studies have focused 
mainly on resting WMA, and little attention was paid to 
stress-induced WMA that may be associated with this 
electrocardiographic finding. It has been postulated that 
WMA due to either myocardial infarction or exercise- 
induced ischemia represent a common underlying mech- 
anism of exercise-induced ST elevation, However, few 
data are available to support this contention.8 In a few 
studies, ST elevation during dobutamine stress testing 
(DST) was attributed to myocardial ischemia in the 
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absence of previous acute myocardial infarction (AMI)t2 
and to stress-induced left ventricular asynergy in patients 
evaluated early after AMI.13 However, the functional sig- 
nificance of this electrocardiographic finding has not 
been reported in patients referred for diagnostic evalua- 
tion of myocardial ischemia. Accordingly, the aim of this 
study was to evaluate the prevalence and functional sig- 
nificance of ST elevation during DST in patients with 
suspected myocardial ischemia undergoing DST with 
simultaneous echocardiography and technetium-99lm 
sestamibi single-photon emission computed tomography 
(SPECT). 
METHODS 
Study population: The study population comprised 
229 consecutive patients (137 men and 92 women, mean 
age 59 f 11 years) with known or suspected coronary 
artery disease unable to exercise or to perform an ade- 
quate exercise test, referred to our imaging laboratory 
for evaluation of chest pain by dobutamine technetium- 
99m sestamibi SPECT. Simultaneous echocardiography 
was performed in all patients as a part of a research pro- 
tocol in our center. All patients gave informed consent 
to undergo the study. Patients with bundle branch block 
or ventricular hypertrophy were excluded. One hundred 
twenty-seven patients (55%) had a previous AMI, which 
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TABLE I Clinical Characteristics and Hemodynamic Variables During Dobutamine 
Stress Testing in Patients With (group A) and Without (group B) ST-Segment Elevation 
Group A Group B 
[n = 40) (n = 189) 
Men/women 31/9 106/83 
Mean age (yr) 58* 10 59a 12 
Previous AMI 34 (85) 93 (49) 
Resting HR (beats/min) 72a 13 69* 14 
Peak HR (beats/min) 132 2 16 134 * 16 
85% of target HR reached 34 (79) 158 (82) 
Resting systolic BP (mm Hg) 136i31 135 * 21 
Peak systolic BP (mm Hg) 139*35 146 * 30 
Resting diastolic BP (mm Hg) 77* 13 79* 12 
Peak diastolic BP (mm Hg) 74i 15 75i 14 
Chest pain 12 (30) 48 (25) 
ST-segment depression 14 (35) 33 (17) 
Values ore expressed as mean * SD or number of patients (“~1. 
AMI = acute myocardial infarction; BP = blood pressure; HR = heart rote. 
p Value 
co.05 
NS 
<0.0001 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
co.05 
TABLE II Echocardiographic and Scintigraphic Findings in 102 Patients Without 
Previous Infarction With (group A) and Without (droup B) ST-Segment Elevation 
Group A Group B 
(n = 6) (n = 96) p Value 
Normal echocardiography 
i (33) 
70 (73) co.005 
WMA at rest 12 (13) NS 
WMA at peak stress 6 (1’W 26 (27) dO.005 
New or worsened WMA 6 (100) 22 (23) <o.ooo 1 
Normal scintigraphy 0 63 (66) <0.005 
RPD with or without FPD 5 (83) 27 (28) co.005 
Values are expressed os number of patients (‘?A), 
FPD = fixed perfusion defects; RPD = reversible perfusion defects; Wh4A = wall motion obnor- 
malities. 
TABLE Ill Echocardiographic and Scintigraphic Findings in 127 Patients With 
Previous Infarction With (group A) and Without (group B) ST-Segment Elevation I 
Group A Group B 
(n = 34) (n = 93) p Value 
Normal echocardiogram 
320 (94) 
16 (17) <O.Ol 
WMA at rest 69 (74) co.05 
WMA at peak stress 34 (100) 77 (83) co.01 
New or worsened WMA 18 (53) 40 (43) NS 
WMS at rest 25.0 A 6.4 21.1 LIZ 4.8 co.005 
WMS at peak stress 26.7 zt 6.4 22.2 * 6.4 <0.0001 
lschemic WMS 1.9 * 3.2 1.8 i- 3.2 NS 
Akinetic + dyskinetic segments at rest 2.9 * 3 1.1 f 1.7 <O.OOl 
Akinetic + dyskinetic segments at peak 3.7 f 3.1 1.7 f 2.1 <O.OOl 
Normal scintigram 11 (12) co.01 
RPD with or without FPD 1: (53) 45 (48) NS 
Perfusion defect score at rest 3,023 f 2,955 1,589 zt 1,345 co.05 
Perfusion defect score at peak stress 2,978 ie 2,563 1,775 * 2,281 co.05 
lschemic perfusion score 401 f 737 389 i 1,322 NS 
Values clre expressed q s mean t SD or number of patients (%). 
WMS = wall motion score; other abbreviations as in Table II. 
was recent (~1 month) in 34 patients. The diagnosis of 
AM1 relied upon a typical history of chest pain, a diag- 
nostic increase in serum creatine kinase and evolution- 
al electrocardiographic changes. On the day of the test, 
154 patients (67%) were receiving antianginal therapy; 
113 of them were receiving p blockers. 
Dobutamine stress test: Dobutamine was infused 
through an antecubital vein starting at a dose of 10 vg/ 
kg&n, increasing by 10 &kg/min every 3 minutes to 
a maximum of 40 pg/kg/min. Atropine (up to 1 mg) was 
given to patients not achieving 85% of 
their age-predicted maximal heart rate. l4 
A 1Zlead electrocardiogram was re- 
corded each minute. The level of ST 
segment was calculated after signal 
averaging by a computer-assisted sys- 
tem (Cardiovet CSG/12, Schiller, Baar, 
Switzerland). Cuff blood pressure was 
measured every 3 minutes. The elec- 
trocardiograms were revised by 2 ex- 
perienced cardiologists unaware of 
clinical, echocardiographic, or scinti- 
graphic data. Pathologic Q waves were 
defined according to established crite- 
ria.15 ST elevation was defined as new 
or additional elevation 11 mm at the J 
point, with a horizontal or upsloping 
ST-segment lasting 80 ms during 
stress in 21 electrocardiographic lead 
(the PQ segment was considered the 
isoelectric line),.3 ST-segment depres- 
sion was defined as 21 mm horizontal 
or downsloping depression 80 ms after 
the J point, and below the resting base- 
line level. The test was interrupted pre- 
maturely if severe chest pain, ST-seg- 
ment depression >2 mm, ST elevation 
>2 mm in patients with normal base- 
line electrocardiogram, significant ven- 
tricular or supraventricular arrhythmia, 
or a systolic blood pressure decrease 
of 90 mm Hg occurred during the 
test. 
Sestomibi singkphoton emission cam- 
pukd tomography imaging: Approxi- 
mately 1 minute before the termination 
of the stress test, an intravenous dose 
of 370 MBq of sestamibi was admin- 
istered. Stress SPECT imaging was 
begun 1 hour after sestamibi injection. 
For the resting studies, 370 MBq of 
sestamibi was injected 24 hours after 
the first study. Left ventricular images 
were divided into 6 segments: anteri- 
or, lateral, inferoposterior, interventri- 
cular septum (subdivided in anterior 
and posterior septum), and apex. Image 
interpretation was performed by an ex- 
perienced observer unaware of the pa- 
tients’ electrocardiographic or echocar- 
diographic data. A persistent perfusion 
defect on both stress and resting imag- 
ing was classified as a fixed defect. A reversible defect 
was defined as a perfusion defect on stress images that 
partially or completely resolved at rest imaging. This was 
considered diagnostic of ischemia.16 The interpretation 
of the scan was semiquantitatively perfoimed by visual 
analysis, and assisted by the circumferential profiles 
analysis. To assess perfusion defect size, perfusion defect 
score was quantitatively calculated at rest and at stress 
images by measuring the area between the lower limit 
of normal values (22 SD) and the actual circumferential 
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profile in 6 short-axis slices. Ischemic perfusion score 
was derived by subtracting rest from stress score in seg- 
ments with reversible defects. 
Stress echocardiography: Stress echocardiography was 
performed in all patients according to a previously 
described protocol. l6 For both rest and stress studies, the 
left ventricular wall was divided into 16 segments and 
scored using a 4-point scale: 1 = normal, 2 = hypokine- 
sia, 3 = akinesia, and 4 = dyskinesia. Both inward endo- 
cardial motion and myocardial thickening were consid- 
ered for analysis. Wall motion score was derived by the 
summation of the score of the 16 segments. The diag- 
nosis of ischemia was based on the occurrence of new 
or worsening WMA during the test, compared with base- 
line, in 21 segment. As we have previously concluded,17 
ischemia was not considered when akinetic segments-at 
rest became dyskinetic during stress. Ischemic wall 
motion score was defined as the difference between peak 
and rest regional wall motion score in ischemic seg- 
ments. Assessment of images was performed by 2 expe- 
rienced investigators without knowledge of scintigraph- 
ic or electrocardiographic data. In case of disagreement, 
a consensus was reached with a third investigator. In our 
center, the inter- and intraobserver variability for the 
interpretation of stress echocardiographic studies is 91% 
and 92%, respectively. l8 
Coronary angiography: Coronary angiography was 
performed, using the Judkins technique, within 3 months 
in 106 patients (46%). Significant coronary artery dis- 
ease was defined as a diameter stenosis of 250% in 21 
major epicardial artery. 
Regional myocardial function and perfusion: In pa- 
tients with myocardial infarction, the location of resting 
WMA was presumed to represent the infarction zone. 
To assess regional myocardial perfusion and function, 2 
myocardial segments were identified: (1) the anterior 
segment, which included the anterior wall, the interven- 
tricular septum, and the apex (assigned to leads Vi to 
V,); and (2) the inferior segment, which included the 
inferior and posterior wall (assigned to leads II, III, and 
aVF). Because of the infrequent occurrence of resting 
WMA confined only to the lateral wall, this segment, 
together with leads I, aVL, Vs., and V,, were added to 
either the anterior or the inferrer segment in the pres- 
ence of concomitant abnormalities in 1 of these seg- 
ments. Myocardial segments at echocardiography and at 
SPECT were matched in these 2 locations. 
Statistical analysis: Unless specified, data are present- 
ed as mean values + SD. The &i-square and Fisher’s exact 
tests were used to compare differences between propor- 
tions. The Student’s t test was used for analysis of con- 
tinuous data. A p value co.05 was considered statisti- 
cally significant. 
RESULTS 
Dobutamine stress test: Heart rate and systolic blood 
pressure increased significantly from rest to peak stress 
(70 + 13 vs 134 + 16 beats/min and 135 f 25 vs 145 + 
32 mm Hg, respectively, p <O.OOOl for both). In 30 
patients, the test was interrupted prematurely before 
reaching the maximal dose or 85% of the target heart 
rate because of a limiting side effect (angina in 15 
patients, ST-segment depression in 7 patients, hypoten- 
sion in 6 patients, and significant tachyarrhythmias in 2 
patients). 
ST elevation of >l mm occurred in 34 of 127 patie:nts 
with (27%) and in 6 of 102 patients without (6%) pre- 
vious AMI. These ,40 patients formed group A. Group 
B comprised 189 patients without ST elevation; 93 of 
them (49%) had previous AMI. Patients in group A had 
a higher prevalence of previous AM1 and male gender. 
In patients with previous AMI, pathologic Q waves were 
detected in 27 of 34 group A patients (79%) and in 59 
of 93 group B patients (63%), p = NS. Clinical charac- 
teristics and hemodynamic data in both groups are list- 
ed in Table I. Echocardiographic and scintigraphic find- 
ings in both groups are listed in Tables II (patients 
without AMI) and III (patients with previous AMI). 
Stress echocardiography: ST elevation was assodat- 
ed with a higher prevalence of myocardial ischemia in 
patients without (Figure 1) but not with (Figure 2) pre- 
p <0.0001 p co.005 
I 
I I I r 
i 
I Echocardiography 
I 
MIBI SPEGT 
0 ST elevation 
N=6 
m no ST elevation 
N=96 
- 
FIGURE 1. Prevalence of ischemia in patients without previous 
myocardial infarction with (n = 6) and without (n = 96) ST-seg- 
ment elevation as diagnosed by echocardiography and tech- 
netium-99m sestamibi-single-photon emission computed tomog 
raphy (MIBI SPECT). 
I I p=NS .z p=NS I I 
E EO- 
: 
$ - .- 
c .c 40- 
Echocardiography MIBI SPECT 
0 ST elevation m no ST elevation 
N=34 N-93 
FIGURE 2. Prevalence of ischemia in patients with previous 
myocardial infarction with (n = 34) and without (n = 93) ST- 
se 
3, 
ment elevation as diagnosed b 
netium 99m sestamibi single-p K 
echocardiography and 
tee 
tomography (MIBI SPECT). 
oton emission computed 
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TABLE IV Regional Wall Motion and Myocardial Perfusion Defect Score in Anterior 
Myocardial Segments With Baseline Dyssynergy With and Without ST-Segment Elevation 
During Dobutamine Stress Testing in Patients With Previous Myocardial Infarction 
ST Elevation 
(25 segments) 
Rest WMS 18.3 f: 5.7 
Stress WMS 19.1 f 5.9 
lschemic WMS 0.9 zt 2.3 
New and/or worsened WMA 10 (40) 
Rest perfusion defect score 1,668 i: 1,531 
Stress perfusion defect score 1,680 f 1,437 
lschemic perfusion score 338 * 628 
Reversible perfusion defects 10 (40) 
Values are expressed as mean * SD or number (“7). 
Abbreviations as in Tables II and Ill, 
No ST Elevation 
(42 segments) 
15.5 f 4.5 
16.0 i 5.0 
0.7 f 2.1 
15 (36) 
1,067 zt 1 ,193 
1,180 * 1,154 
301 * 1,003 
16 (38) 
p Value 
qo.05 
<o.oo 1 
NS 
NS 
co.05 
co.05 
TABLE V Regional Wall Motion and Myocardial Perfusion Defect Score in Inferior 
Myocardial Segments With Baseline Dyssynergy With and Without ST-Segment Elevation 
During Dobutamine Stress Testing in Patients With Previous Myocardial Infarction 
ST Elevation 
(17 segments) 
Rest WMS 9.0 f 2.1 
Stress WMS 9.5 +z 2.5 
lschemic WMS 0.6 zt 1.6 
New and/or worsened WMA 6 135) 
Rest perfusion defect score 1,284 +z 1,491 
Stress perfusion defect score 1,327 * 1,494 
lschemic perfusion score 142 * 216 
Reversible perfusion defects 7 (411 
Values are expressed as mecm * SD or number (%). 
Abbreviations as in Tables II and Ill, 
No ST Elevation 
(40 segments) 
7.2 zt 2.6 
7.8 2 3.1 
0.7 * 2.0 
13 (33) 
899 t 923 
972 * 1,031 
144 f 405 
14 (35) 
p Value 
co.05 
co.05 
NS 
NS 
<0.05 
<0.05 
NS 
NS 
vious AMI. In patients with previous AMI, ST elevation 
was associated with a higher prevalence of resting 
WMA, a higher wall motion score at rest and at peak 
stress, a similar ischemic wall motion score (Figure 3), 
and more myocardial segments with akinesia or dyski- 
nesia at rest and at peak stress (Table III). In patients 
with previous AM1 and ST elevation, the prevalence of 
ischemia did not differ in the presence or absence of Q 
waves: 15 of 27 (56%) versus 3 of 7 (43%), respective- 
ly (p = NS). 
Results of sestamibi single-photon 
emission computed tomography: ST 
elevation was associated with a high- 
er prevalence of ischemia in patients 
without (Figure 1) but not with (Fig- 
ure 2) previous AMI. The electrocar- 
diogram and perfusion scan of a 
patient without previous AMI, ST ele- 
vation during DST, and a completely 
reversible defect are shown in Figure 
4. In patients with previous AMJ, ST 
elevation waS associated with a high- 
er perfusion score at rest and at peak 
stress and a similar ischemic perfusion 
score compared with patients without 
ST elevation (Table III). In patients 
with previous AMI and ST elevation, 
the prevalence of ischemia did not dif- 
fer in the presence or absence of Q 
waves: 16 of 27 (59%) versus 2 of 7 
(29%), respectively (p = NS). 
Regional myocardial perfusion and 
function: In patients with previous AMI, 
regional myocardial perfusion and 
function were compared in dyssyner- 
gic myocardial segments at rest with 
and without ST elevation during stress 
in the anterior (Table IV) and inferior 
(Table V) segments. In both locations, 
resting score was higher with ST ele- 
vation, whereas the ischemic score and 
prevalence of ischemia were not dif- 
ferent with or without ST elevation. 
The electrocardiograms and perfusion scans of 2 
patients with previous anterior AMI, ST-segment eleva- 
tion in Q leads during DST, and a perfusion defect on 
resting images with (Figure 5) and without (Figure 6) 
partial reversibility are presented. 
IkIabsis Of Subgroups: PATIENTS WITHOUT PREVIOUS 
MYOCARDIAL INFARCTION: In patients with reversible 
perfusion defects and no previous AMI, the ischemic 
perfusion score was significantly higher in patients with 
(n = 5) than without (n = 27) ST elevation (994 + 652 
WMS 
32 7 
24 
ischemic 
,*,.,* 
vs 271 +- 407, p ~0.01). Similarly, in patients with stress- 
induced WMA who had no previous AMI, the ischemic 
p<o.o05 p<0.0001 “YN’3 NS 
I- i I 
wall motion score was sigiificantly high& in patients 
with (n = 6) than without (n = 22) ST elevation (4.2 + 
3.0 
I II 
3.2 vs 2.7 -t 3.1, p <0.05). 
PATIENTSWITHRECENTMYOCARDIALINFARCTION: ST 
2.0 
elevation occurred in 16 of 34 patients (47%) with recent 
AMI. Prevalence of ischemia was not different with or 
without ST elevation: 9 of 16 (56%) versus 9 of 18 
1.0 patients (50%) by echocardiography and 9 of 16 (56%) 
versus 11 of, 18 (61%) by SPECT, respectively. 
16 
8 
0 
PATIENTSWITHST-SEGMENTDEPRESSION: ST-segment 
Rest stress depression occurred in 29 patients with and in 18 with- 
out previous AM1 (14 in group A and 33 in group B). 
13 ST elevation m no ST elevation ST depression was associated with a higher prevalence 
I of ischemia in patients without previous AM1 (12 of 18 
FIGURE 3. Rest, peak, and ischemic wall motion score (WMS) [67%] versus 16 of 84 [19%] [p <O.OOOl by echocardi- 
in patients with previous myocardial infarction with (n = 34) ography] and 13 of 18 [72%] versus 19 of 84 [23%] [p 
and without (n = 93) ST-segment elevation. <O.OOOl by SPECT]) and with previous AM1 (18 of 29 
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Rest Dobutamine 
FIGURE 4. A, 1%lwd electrocardioc 
tracardi 
7 
raphic evidence of reviol 
stress an rest sestamibi sing e-phot f 
the corresponding circumferential PI 
cal septum /arrows]. ANT = anterior 
tram at rest and at peak dobutamine stress in a SS-year-old woman without a history or elec- 
us myocardial infarction, showin 
ton emission computed tomagrap IC images in the 6 short-axis slices re 8. 
ST-segment elevation in leads V, to V,. 6, dobutamine 
R 
resented 
.ofile analysis of the same patient, showing a completely reversible pe 
together wiih 
‘; IAT = lateral; POS = posterior; SEP = septal. 
usion defect in the api- 
[62%] versus 40 of 98 [41%] [p co.05 by echocardiog- cant disease was detected in 28 patients. In patients with 
raphy], and 20 of 29 [69%] versus 43 of 98 [44%] [p previous AMI, ST elevation was associated with a high- 
co.05 by SPECT]). In group A patients with previous er prevalence of total occlusion of 21 major artery (50% 
AM1 (n = 34) the prevalence of ischemia by both tech- vs 14%, p <0.005), whereas the prevalence of multives- 
niques was not different in patients with (n = 12) and se1 disease was 56% in patients with (9 of 16) and 29% 
without (n = 22) concomitant ST-segment depression. in patients without (14 of 48) ST elevation (p = NS). 
Coronary angiography: Coronary angiography was 
performed in 19 group A patients (48%). Three of them 
had no previous AMI. All patients had significant coro- 
nary artery disease: 3-vessel (n = 7) 2-vessel (n = 3) 
and l-vessel (n = 9) disease. The site of ST elevation 
was predictive of significant disease in the correspond- 
ing coronary artery in all patients. 
DISCUSSION 
Eighty-seven group B patients (46%) underwent 
coronary angiography. Significant coronary artery dis- 
ease was detected in 59 patients; 3-vessel (n = 6), 2-ves- 
se1 (n = 17), and l-vessel (n = 36) disease. No signifi- 
In the present study, the prevalence and functional 
significance of ST elevation during DST was evaluated 
in patients with known or suspected coronary artery dis- 
ease in whom the test was performed with simultaneous 
echocardiography and technetium-99m sestamibi SPECT 
for diagnostic evaluation of myocardial ischemia. Our 
results show that dobutamine-induced ST elevation is a 
common occurrence in patients with previous AMI. In 
such patients, ST elevation is associated with more se- 
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50 mm/s 10 mm/mV 
Rest Dobutamine 
FIGURE 5. A, resting and peak dobutamine stress electrocardiogram of a 41year-old man with a histo of old anterior myocar- 
dial infarction and Q waves in leads V, to V,, showing ST-segment elevation in V, to V on the stress eectrocardiogram. 6, dobut- 7 
amine stress and rest sestamibi single- 
ph 
oton 
reversible perfusion defect in the apica 
emission computed tomographic images oi the same patient, showing a partially 
arrowj..Abbreviations as in Figure 48. 
septum /horizontal arrow) and a completely reversible defect in the anterior wall [vertical 
vere global and regional left ventricular dysfunction, and 
a higher prevalence of total occlusion of 21 coronary 
artery. Results also show that despite being compatible 
with ischemia, ST elevation in patients with recent or 
old myocardial infarction is not specifik for stress- 
induced overall or peri-infarction ischemia assessed by 
echocardiography and SPECT. The low specificity for 
ischemia was also noted in patients without Q waves. 
This can be explained by the low sensitivity of Q waves 
for the detection of baseline WMA, especially in patients 
with old myocardial infarction.19 In contrast, ST depres- 
sion was associated with a higher prevalence of ische- 
mia. However, patients with concomitant ST-segment 
depression and elevation did not have a higher preva- 
lence of ischemia than patients with isolated ST eleva- 
tion. This may be explained by the occurrence of recip- 
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rocal ST depression without true ischemia.20 In patients 
without previous AMI, ST elevation was not a usual 
occurrence (6%) and was associated with ischemia in 
the corresponding myocardial segments. In patients 
without previous AM1 who had ischemia on echocardi- 
ography or SPECT, ischemia was more severe in patients 
with than without ST elevation. 
Comparison with previous studies: Coma-Canella12 
reported ST elevation during DST in 20 of 90 patients 
with angina and no previous AMI. All had severe coro- 
nary artery stenoses. The high prevalence of ST eleva- 
tion in that study may be related to the selection of 
patients with a high prevalence of unstable angina. How- 
ever, no imaging technique was applied for the detec- 
tion of ischemia. Coma-Canella et all3 reported that in 
patients with recent AM1 who underwent DST with thal- 
SEPTEMBER 1, 1995 
50 mm/s 10 mmlmV 
Rest Dobutamine 
FIGURE 6. A, resting and peak dobutamine stress electrocardiogram of a 62.year-old man with a history of old anterior myocar- 
dial infarction and Q waves in leads V, to V4, showing ST-segment elevation in V, to V,. 6, dobutamine stress and rest sestamibi 
single-photon emission computed tomographic images of the same patient, showing a large and severe fixed perfusion defect in 
the anterior wall [vertical arrows) and septum {horizontal arrows). Abbreviations as in Figure 46. 
lium scintigraphy and radionuclide ventriculography, ST 
elevation was not related to ischemia but to stress- 
induced left ventricular asynergy. However, the inverse 
correlation between the change in regional ejection frac- 
tion and the level of ST elevation in their study may rep- 
resent a poor contractile response in myocardial seg- 
ments corresponding to ST elevation rather than 
stress-induced asynergy, which is a specific marker of 
ischemia. Previtali et al*’ reported a case of high-dose 
dobutamine-induced ST elevation and akinesia of the 
inferior wall in a patient with 2-vessel disease. Coronary 
angiography performed during ischemic episodes re- 
vealed patency of coronary arteries, excluding coronary 
spasm as an underlying mechanism. They concluded that 
dobutamine may induce transmural myocardial ischemia 
in the presence of severe coronary lesions by increasing 
myocardial oxygen demand and inducing myocardial 
blood flow maldistribution. 
ST elevation during exercise has been attributed to 
left ventricular WMA, myocardial aneurysm, or trans- 
mural myocardial ischemia due to either severe coronay 
artery spasm or fixed coronary artery disease.‘-l’ GallElk 
et al’ reported that exercise-induced ST elevation is aln 
ominous sign of severe reversible hypoperfusion in 
patients without previous AMI. In our study, ST eleva- 
tion identified a population with more severe reversible 
hypoperfusion and stress-induced WMA than patients 
who had ischemia without ST elevation. The absence of 
a history or electrocardiographic finding of AM1 appears 
to be the most common characteristic that separates 
patients in whom stress-induced ST elevation reflects 
severe ischemia from those with marked abnormality of 
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left ventricular function.* However, exercise-induced ST 
elevation in patients after acute AM1 has been attributed 
in some studies to per&infarction ischemia.l~U Marg- 
onato et allo reported that exercise-induced ST elevation 
after acute AM1 correlated with reversible thallium-201 
perfusion defects in the per-i-infarction area. A limitation 
of that study is the absence of a control group with the 
same clinical characteristics without ST elevation or T- 
wave normalization. 
Mechanism of ST-segment elevation: Chahine et al8 
postulated that WMA that are either permanent in pa- 
tients with previous AM1 or transient due to ischemia in 
the absence of AM1 constitute a common mechanism 
underlying ST elevation during stress. The results of our 
study support this hypothesis, because we detected 
WMA in all patients with ST elevation at peak stress in 
corresponding myocardial segments in the presence or 
absence of previous AMI. 
Clinical implications: With regard to an ischemic re- 
sponse to dobutamine infusion, ST-segment elevation in 
patients without previous AM1 would help with diagno- 
sis in the presence of suboptimal or equivocal echocar- 
diographic or scintigraphic images, and would identify 
patients with more severe ischemia. Because ST eleva- 
tion is not a specific marker of &hernia in patients with 
previous AMI, it should not be used as a criterion for 
termination of DST 
Study limitations: The diagnosis of ischemia in this 
study relied on stress echocardiography and SPECT 
without performing coronary angiography in all patients. 
However, these techniques were reported as accurate 
methods for the diagnosis of coronary artery dis- 
ease. 16,22-25 Echocardiographic detection of ischemia 
may be difficult in severely dyssynergic segments. How- 
ever, echocardiography accurately detects ischemia in 
the normal per&infarction region represented in the same 
electrocardiographic segment. Furthermore, there was a 
double check on the occurrence of ischemia using 2 
imaging techniques; with these 2 techniques, a similar 
prevalence of ischemia was encountered. The intake of 
medications may have reduced the prevalence of ische- 
mia at echocardiography and SPECT. However, it is 
unlikely that ischemia was seen on the electrocardiogram 
in the absence of transient perfusion or WMA, or both, 
because perfusion and WMA occur earlier than electro- 
cardiographic changes in the ischemic cascade.26 
Acknowledgment: We are grateful to Samuel Rodri- 
guez, MD, for revising the manuscript, and RenC Frowyn 
for invaluable technical assistance. 
1. Bruce RA, Fisher LD, Pettinger M, Weiner DA, Chaitman BR. ST-segment ele- 
vation with exercise: a marker of poor ventricular function and poor prognosis. 
Coronary Artery Surgely Study (CASS) confirmation of Seattle Heart Watch results. 
Circulation 1988;4:897-905. 
2. Gewirtz H, Sullivan M, O’Reilly G, Winter S, Most A. Role of myocardial ischk- 
mia in the genesis of exercise-induced ST-segment elevation in previous anterior 
myocardial infarction. Am J Cardiol 1983;51:1293-1305. 
3. Dunn RF, Bailey IK, Roger U, Kelly DT. Exercise-induced ST-segment eleva; 
tion correlation of thallium 201 perfusion scanning and coronary arteriography. Cir- 
culation 1980;61:989-995. 
4. De Feyter PJ, Majid PA, Van Eenige MJ, Wardeh R, Wempe FN, Roos JP. Clin- 
ical significance of exercise-induced ST-segment elevation. Correlative angio- 
graphic study in patients with ischemic heart disease. Br Heart .I 1981;46:84-92. 
5. Nostratian FJ, Froelicher VF. ST elevation during exercise testing. Am J Cardi- 
01 1989;63:986-988. 
6. Arora R, Ioachim L, Matza D, Horowitz SF. The role of &hernia and ventric- 
ular asynergy in the genesis of exercise-induced ST elevation. Clin Cardiol 1988; 11: 
127-139. 
7. Gallik DM, Mahmarian JJ, Veraui MS. Exercise-induced ST-segment elevation 
in patients without previous myocardial infarction-an ominous predictor of exten- 
sive myocardial hypoperfusion amenable to t!wapy. Am J Cardiol 1993;72:1-7. 
8. Chahine RA, Lowry MH, Bauerlein EJ. Interpretation of the exercise-induced 
ST-segment elevation. Am J Cardiol 1993;72:100-102. 
9. Shimogata T, Nishimura T, &ham T, Hayashida K, Saito M, Sumiyoshi T. Exer- 
cise-induced ST-segment elevation in leads over infarcted area and residual myo- 
cardial ischemia in patients with previous myocardial infarction. Am JPhysiol Zmg- 
ing 1990;5:99-106. 
IO. Margonato A, Ballarotto C, Bonetti F, Cappelletti A, Sciammarella M, Cian- 
flone D, Chierchia SL. Assessment of residual tissue viability by exercise testing 
in recent myocardial infarction: comparison of the electrocardiogram and myocar- 
dial perfusion scintigraphy. J Am Coil Cardiol 1992;19:948-952. 
1 I. Shimogata T, Nishimura T, Uehara T, Hayashida K, Saito M, Sumiyoshi T. 
Exercise-induced ST-segment elevation in leads over infarcted area and residual 
myocardial ischemia in patients with previous myocardial infarction. Am J Physi- 
01 haging 1990;5:99-106. 
12. Coma-Canella I. Dobutamine stress test to diagnose the presence and severity 
of coronary artery lesion in angina. Eur Heart J 1991;12: 1198-1204. 
13. Coma-Can& I, Gomez MV, Terol I, Rodrigo F, Castro JM. Radionuclide stud- 
ies in patients with stress-induced ST-segment elevation after acute myocardial 
infarction. Am Heart J 1994;128:459465. 
14. McNeil1 AJ, Fioretti PM, El-Said E-SM, Salustri A, For&r T, Roelandt JRTC. 
Enhanced sensitivity for detection of coronary artery disease by addition of &opine 
to dobutamine stress echocardiography. Am J Cardiol 1992;70:41-46. 
15. Friedman HH. Diagnostic Electrocardiography and Vectorcardiography. New 
York: McGraw-Hill, 1977:236-238. 
16. Forster T, McNeil1 AJ, Salustri A, Reijs AEM, El-Said EM, Roelandt JRTC, 
Fioretti PM. Simultaneous dobutamine stress echocardiography and 99-m tech- 
netium isonitrile single photon emission computed tomography in patients with sus- 
pected coronary artery disease. J Am Coil Cardiol 1993;21:1591-1596. 
17. Amese M, Fioretti PM, Come1 JH, Postma-Tjoa J, Reijs AEM, Roelandt JRTC. 
Akinesis becoming dyskinesis during high-dose dobutamine stress echocardiog- 
raphy: a marker of myocardial ischemia or a mechanical phenomenon? Am J Car- 
dial 1994;73:896-898. 
18. Pozzoli MMA, Fioretti PM, Salustri A, Reijs AEM, Roelandt JRTC. Exercise 
echocardiography and technetium99m MIBI sin&e- photon emission computed 
tomography in the detection of coronary artery disease. Am J Cardiol 1991;67: 
35c-355. 
19. Klein LW, Helfant RH. The Q-wave and non-Q wave myocardial infarction: 
differences and similarities. Prog Cardiovasc Dis 1986:29:205-220. 
20. Coma-Canella I. Significance of ST-segment changes induced by dobutamine 
stress test after acute myocardial infarction. Which are reciprocal? Eur Heart J 
1991;12:909-916. 
2 1. Previtali M, Lanzarini L, Mussini A, Ferrtio M, Angolo L, Specchia G. Dobu- 
tamine-induced ST-segment elevation in a patient with angina at rest and critical 
coronary lesions. Eur Heart J 1992;13:997-999. 
22. Marwick T, Willemart B, D’hondt A, Baudhuin T, Wijns W, D&y JM, Melin 
J. Selection of the optimal nonexercise stress for the evaluation of ischemic region- 
al myocardial dysfunction and malpefision: comparison of dobutamine and adeno- 
sine using echocardiography and 99m Tc-MIBI single photon emission computed 
tomography. Circulation 1993;87:345-354. 
23. Gunalp B, Dokumaci B, Uyau C, Vardareli E, Bayhan H, Ozguven M, Ozturk 
E. Value of dobutamine technetium-99msestaibi SPECT and echocardiography 
in detection of coronary artery disease compared with coronary angiography. JNucl 
Med 1993;34:889-894. 
24. Voth E, Baer FM, Theissen P, Schneider CA, Sechtem U, Schicha H. Dobut- 
amine 99m tc-MIBI single-photon emission tomography: non-exercise-dependent 
detection of haemodynamically significant coronary artery stenoses. Eur J Nucl 
Med 1994;21:537-544. 
25. Mairesse GH, Marwick TH, Vanoverschelde JL, Baudhuin T, Wijns W, Melin 
JA, Detry JM. How accurate is dobutamine stress electrocardiography for detec- 
tion of coronary artery disease? Comparison with two-dimensional echocardiog- 
raphy and technetium99m methoxyl isobutyl isonitrile (Mibi) perfusion scintigra- 
phy. J Am Coil Cardiol 1994;24:92G927. 
26. Nesto RW, Kowalchunck GJ. The ischemic cascade: temporal response of 
hemodynamic, electrocardiographic and symptomatic expression of ischemia. Am 
J Cardiol 1987;57:23C-27C. 
448 THE AMERICAN JOURNAL OF CARDIOLOGYm VOL. 76 SEPTEMBER 1, 1995 
